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© A light-emitting diode has a semiconductor sub- 
strate (35) underlying active p-N junction layers of 
AIGalnP (32,33,34) for emitting light. A transparent 
window layer (36) of semiconductor different from 
AIGalnP overlies the active layers and has a lower 
electrical resistivity than the active layers and a 
bandgap greater than the bandgap of the active 
layers, for minimizing current crowding from a metal 
electrical contact over the transparent window layer. 
The active layers may be epitaxially grown on a 
temporary GaAs substrate (31). A layer of lattice 
mismatched GaP (35) is then grown on the active 
layers with the GaP having a bandgap greater than 
the bandgap of the active layers so that it is trans- 
parent to light emitted by the LED. The GaAs tem- 
porary substrate (31) is then selectively etched away 
so that the GaP acts as a transparent substrate. A 
transparent window layer (36) may be epitaxially 
grown over the active layers on the face previously 
adjacent to the GaAs substrate. 
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LIGHT-EMITTING DIODE WITH AN ELECTRICALLY CONDUCTIVE WINDOW 



Background 

The AlGalnP alloy system has been used for 
making high quality semiconductor lasers with an 
emitting wavelength around 870 nanometers; This 
alloy system may also be useful for making Dght- 
emlttlng diodes (LEDs) In the wavelength range 
from about 560 to 680 nanometers by adjusting the 
aluminum to gallium ratio In the active region of the 
device. Increasing aluminum proportion provides 
shorter wavelengths. It has also been demonstrated 
that organometallic vapor phase epitaxy provides 
means for growing optically efficient AlGalnP 
heterostructure devices. 

In a surface-emitting LED of the type used for 
the vast majority of LED displays, the device ge- 
ometry is simple, as shown in FIG. 1. In such a 
device, there is a GaAs n-type absorbing substrate 
10 on which several epitaxial layers are grown to 
form the LED. First, there is an n-type confining 
layer of AlGalnP epitaxially grown on the GaAs 
substrate. An active layer 12 of AlGalnP with an 
aluminum-gallium ratio selected to provide a de- 
sired wavelength of emission is epitaxially grown 
on the n-type confining layer. The active layer is 
topped by a p-type confining layer 13, also of 
AlGalnP. A front electrical contact 14 is provided 
on the front or emitting face of the LED. A back 
contact 15 comprises a layer of metal clear across 
the GaAs substrate. Typically in use, the back 
electrical contact is mounted on and electrically 
connected to a metal lead. 

Efficient operation of the LED depends cn cur- 
rent injected from the metal front contact 14 
spreading out laterally to the edges of the LED 
chip so that light is generated uniformly across the 
p-n junction. If the sheet resistance of the top layer 
of semiconductor, namely, the upper p-type confin- 
ing layer 13, is not low enough, the current does 
not spread sufficiently and tends to flow directly 
down beneath the front contact toward the back 
contact. This type of "current crowding" results in 
most of the light being generated under the opaque 
front contact. Much of the light generated in this 
region is blocked and absorbed within the LED 
chip, thereby severely limiting the efficiency of the 
device. 

In the usual case of an LED grown with the p- 
type AlGalnP nearer the top or front surface of the 
LED, the front layer has a very high resistivity and 
lateral current flow from the contact is severely 
r stricted. The high resistivity is a result of limited 
p-type dopant levels that are achievable in AlGalnP 
and the low hole mobility in such material. Further, 
resistivity increases as the proportion of aluminum 



is increased in the alloy, so the problem becomes 
more acute for short-wavelength LEDs. 

The techniques proposed for minimizing the 
current crowding problem In AlGalnP LEDs have 

s not been completely satisfactory. One technique is 
to employ patterns of the front metal contact which 
mechanically aid In spreading the current. Such 
patterns comprise fingers or grid lines which ex- 
tend away from the bonding pad to which a wire 

to bond is made. Such techniques are commonly 
used In LEDs as well as other devices where 
current spreading is desired. Even so, most of the 
light generated is under the opaque metal patterns 
and is blocked. Another technique is to use a 

15 transparent front electrical contact such as indium- 
tin oxide instead of metal. Such transparent elec- 
trical contacts have high resistivity and lead to high 
series resistance in the device. 

Because of such shortcomings, It is desirable 

20 to provide a technique for distributing current from 
the front contact to the active p-n junction so that 
light is emitted more uniformly throughout the Junc- 
tion and device efficiency is enhanced. 

25 Brief Summary of the Invention 

There is, therefore, provided in practice of this 
invention according to a presently preferred em- 
bodiment a light-emitting diode having active p-n 

30 junction layers of AlGalnP overlain by a transparent 
window layer of semiconductor different from Al- 
GalnP, with a low resistivity and a bandgap greater 
man the active layers, so that the overlying layer Is 
transparent to light emitted by the p-n junction. 

ss Suitable materials include AIGaAs, GaAsP, and 
GaP. 

A method is also provided for growing a light- 
emitting diode by epitaxially growing active Al- 
GalnP layers on a GaAs temporary substrate, epi- 

40 taxially growing on the active layers a layer of 
semiconductor having a crystal mismatch with 
GaAs and a bandgap greater than the bandgap of 
the active layers, and selectively removing the 
GaAs temporary substrate. This leaves a layer of 

45 transparent semiconductor adjacent to the active 
layers which has sufficient thickness to provide the 
strength of a substrate. 

Brief Description of the Drawings 

so 

These and other features and advantages of 
the present Invention will be appreciated as the 
same becomes better understood by reference to 
the following detailed description when considered 
in connection with the accompanying drawings, 
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wher in: 

FIG. 1 illustrates in schematic transvers cross- 
section a light-emitting diode as provided in th 
prior art; 

HQ. 2 is a similar schematic transverse cross- 
section of an AIGalnP fight-emitting diode con- 
structed according to principles of this invention; 
and 

FIG. 3 illustrates schematically in transverse 
cross-section the product of steps performed dur- 
ing fabrication of a light-emitting diode. 

Description 

An exemplary light emitting diode (LED) con- 
structed according to principles of this invention 
has an n-type substrate 20 of GaAs. On top of the 
substrate 20, there is a lower n-type confining layer 
21 of AIGalnp. The lower confining layer is overlain 
by an active layer 22 of n-type AIGalnP. The con- 
ventional double heterostructure active portion of 
the LED is completed with an upper p-type confin- 
ing layer 23 of AIGalnP- These three layers on the 
substrate are considered the active layers of the 
device. A conventional back electrical contact 29 is 
provided on the opposite side of the substrate from 
the active layers. 

In an exemplary embodiment the GaAs sub- 
strate may be in the range of from 150 to 200 
micrometers thick. The confining layers have an 
exemplary thickness of 800 nanometers each, and 
the active layer 22 has an exemplary thickness of 
500 nanometers. Zinc or preferably magnesium 
may be used as a p-type dopant, while tellurium is 
a suitable n-type dopant. 

Overlying the upper confining layer 23 of AI- 
GalnP is a p-type window layer 24 epitaxially 
grown on the upper confining layer. This layer is a 
lll-V semiconductor alloy different from AIGalnP 
and having a bandgap greater than that of the 
active layers of the LED so as to be transparent to 
the light emitted by the p-n junction of the LED. 

The window layer is not only transparent, it has 
a higher electrical conductivity (lower resistivity) 
than the AIGalnP. A top or front electrical contact 
25 may, therefore, be a conventional circular metal 
pad in the center of the LED chip. Since the 
window layer has a high conductivity, it signifi- 
cantly improves LED efficiency by promoting cur- 
rent spreading without blocking the light generated 
or increasing series resistance. 

The thickness of the window layer is not criti- 
cal, although, generally speaking, thicker windows 
tend to be desirable. Window thicknesses in the 
range of from 2 to 30 micrometers are suitable. 
Relatively thicker windows tend to promote current 
spreading for a giv n resistivity material, and they 
also have the geometric effects of reducing total 



int maJ reflection of light within the LED chip and 
reducing shadowing by the front contact area 25. 
Preferably, th thickness of the window lay r is in 
the range of from 5 to 15 micrometers. 

5 Suitable materials for the window lay r includ 

AIGaAs, which may be lattice matched to the GaAs 
substrate and may be used for red to orange 
emitting LEDs. GaAsP and GaP are lattice mis- 
matched and may be used for devices in the 

io yellow to green parts of the spectrum. 

The AIGalnP alloy system comprises an essen- 
tially continuous range of suitable alloys for making 
LEDs. The material for the window layer may ac- 
tually include ail four of these elements, but be 

75 near the fringes of the quaternary alloy system, 
and may itself be suitable for forming an active 
layer in an LED when properly doped. For exam- 
ple, GaP is a suitable material and it will be recog- 
nized that this is in a corner of the quaternary 

20 system. Addition of small amounts of aluminum 
and/or indium to this compound theoretically 
makes it an "AIGalnP" alloy, but it remains dif- 
ferent from AIGalnP alloys as used for making LED 
active layers. 

25 As used herein, AIGalnP alloys have the for- 

mula (AlxGaLjJo-slno.sP to provide an active layer 
lattice matched to an opaque GaAs substrate. The 
range of x is from 0 to 1 . In practice In the active 
layer, x is In the range of from 0 to 0.7. In a double 

30 heterostructure LED as described herein, the con- 
fining layers also have x in the range of from 0 to 
1, however, to obtain a high injection efficiency in 
the confining layer, x is in the range of from 0.6 to 
1. This has the unfortunate effect of increasing 

as resistivity, and the resistivity also is higher for p- 
type material than n-type. The high resistivity is a 
problem throughout the composition range, but is 
particularly severe for shorter wavelengths where 
the aluminum content is high. 

40 The AIGalnP alloy chosen for the active layer 
is determined by the color desired. For example, 
when x = 0. the color of the LED is deep red, for x 
is from 0.3 to 0.4 the color is yallow, and green 
light is obtained when x is about 0.5. Preferably the 

45 resistivity of the transparent window is about an 
order of magnitude less than the resistivity of the 
active layers. There is a trade off between resistiv- 
ity and thickness of the window. A lower resistivity 
means that the window can be thinner for a given 

50 current spreading. A thicker window costs more to 
grow, hence it is generally desirable to have a 
lower resistivity to minimize such costs. 

As an example, a window layer of GaP approxi- 
mately six micrometers thick and doped with mag- 

55 nesium to an acceptor level around IxlO^cnV 8 
was epitaxially grown on a conventional double 
h terostructure AIGalnP light-emitting diode. Yellow 
lamps mad from this material produced light out- 
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2. A light emitting diode according to daim 1 
wherein said active p-n Junction layers com- 
pris ; 

a first confining layer of n-type AlGalnP (21) 

on the substrate; « 

an active layer of n-type AlGalnP (22) on 

the first confining layer; and 

a second confining layer of p-type AlGalnP 

(23) on the active layer; 

and wherein the transparent window layer of io 
semiconductor different from AlGalnP, over 
the second confining layer, has a lower re- 
sistivity than the second confining layer and 
a bandgap greater than the bandgap of the 
active layer. 15 

3. A light emitting diode according to claim 1 
wherein said active p-n junction layers com- 
prise: 

a first confining layer of p-type AlGalnP (21) 20 
on the substrate; 

an active layer of p-type AlGalnP (22) on 
the first confining layer; and 
a second confining layer of n-type AlGalnP 
(23) on the active layer 25 
and wherein the transparent window layer of 
semiconductor different from AlGalnP, over 
the second confining layer, has a lower re- 
sistivity than the second confining layer and 
a bandgap greater than the bandgap of the 30 
active layer. 

4. A light emitting diode according to any of 
claims 1 to 3 wherein the transparent window 
layer comprises AlGaAs, GaAsP. or GaP. 35 

5. A light emitting diode according to any of 
claims 1 to 4 wherein the transparent window 
layer has a resistivity at least an order of 
magnitude less than the resistivity of the Al- 40 
GalnP. 

6. A light emitting diode according to any of 
claims 1 to 5 wherein the substrate is opaque. 

45 

7. A light emitting diode according to any of 
claims 1 to 6 wherein the substrate comprises 
GaAs. 

a A light emfttlng diode according to claim 1 or 2 so 
wherein the transparent window layer com- 
prises a p-type semiconductor. 

9. A light emitting diode according to claim 3 

wherein the transparent window layer com- ss 
pris s an n-type semiconductor. 
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